Objective: The aim of the present study was to evaluate early and late results of two different surgical techniques for left ventricular aneurysms repair. The conventional aneurysmectomy and direct closure of the ventricular wall and the endoventricular patch plasty. Methods: We retrospectively reviewed 118 patients operated on for postinfarction left ventricular aneurysm from 1981 to 1994. Eighty-seven patients (Group A) were operated upon between 1981 and 1991 with the conventional technique and 31 patients (Group B) between 1992 and 1994 with the endoventricular patch plasty technique. Preoperative clinical, hemodynamic and echocardiographic evaluation with operative procedures and early postoperative results of all patients are reported. We also analyzed results of late clinical and echocardiographic controls of 34 patients of Group A and all patients of Group B after a mean follow-up of 42 and 28 months, respectively. Results: Mean number of by-pass grafts was 1.9 in Group A and 2.6 in Group B (P=0.01). The left anterior descending coronary artery was revascularized in 27 patients of Group A (34.6%) and 26 of Group B (89.7%) (PB0.001); the left internal mammary artery was used in seven patients of Group A (8.9%) and 24 of Group B (82.8%) (PB0.001). Hospital mortality in Group A was 10.3% (9/87), in Group B there was no hospital mortality (P\0.05). Thirty-two patients of Group A (36.8%) and 3 of Group B (9.7%) suffered of low cardiac output syndrome (P =0.01). At late control, improvements observed in NYHA and CCS classes, left ventricular ejection fraction (all PB 0.001 in both groups versus preoperative values) and left ventricular end-diastolic diameter (P\ 0.05 in Group A and P B0.001 in Group B) proved to be statistically higher in patients of Group B. Conclusions: Endoventricular patch plasty associated with a complete myocardial revascularization, in particular of the anterior descending coronary, and a larger use of the internal mammary artery, permits, by means of reconstruction of the left ventricular geometry, a better outcome for patients undergoing left ventricular aneurysmectomy. © 1997 Elsevier Science B.V.
Introduction
In symptomatic patients with post-infarction left ventricular aneurysm (LVA), aneurysmectomy associated with myocardial revascularization improves quality of life and survival, even if comparisons with similar symptomatic series of patients medically treated are difficult to fully evaluate [1,3,7,10 -14,22] .
The non homogeneous patient population (extension of coronary artery disease, degree of left ventricular dysfunction, etc.) and the different 'frame time period' of observation, yield in these difficulties.
Two surgical techniques are commonly utilized in the treatment of LVA: the linear suture technique introduced by Cooley in 1958 [4] and subsequent modifications and the so called endoventricular patch aneurysmectomy introduced by Jatene in 1984 [15] and subsequent modifications by Dor [6] .
Myocardial revascularization by coronary artery bypass grafting (CABG), has been considered more and more determinant factor in the improvement of early and late results after aneurysmectomy [7, 9, 17, 20, 27, 32, 34] .
In our department, 118 patients have been operated on for LVA from 1981 to 1994. Until 1991 we utilized the linear suture technique and since 1992 we used the patch aneurysmectomy technique.
Aim of our study is to compare early and late results in these patients similar for surgical indication, surgical team, intraoperative myocardial protection, treatment in intensive care unit (ICU), but differing for surgical technique.
Materials and methods
One hundred and eighteen patients have been operated on for LVA in our department, from April 1981 to November 1994.
Between April 1981 and December 1991, 87 patients have been operated on by using the Cooley technique (aneurysmectomy and linear suture repair on Teflon felt). These patients will be the Group A of this study.
From January 1992 to November 1994, the technique utilized in 31 patients has been that one described by Jatene and modified by Dor. These patients will be the Group B of this study.
Pre and postoperative data of all patients were retrospectively collected. We reviewed these patients with regard to five preoperative variables: age, sex, angina class according to the Canadian Cardiovascular Society (CCS) classification, left ventricular failure according to the New York Heart Association (NYHA) functional class, and indication for operation.
In all patients a cine-ventriculo-coronarography and an echocardiographic study have been performed before the operation. Data from hemodynamic study included: number of diseased coronary vessels (narrowing the lumen for 50% or more) including left main disease, site of the aneurysm, global left ventricular ejection fraction (EF) measured according to a previously described method, [5] and left ventricular end diastolic pressure (LVEDP).
Data from echocardiographic study are: left ventricular end-systolic (LVES) and end-diastolic (LVED) diameters, interventricular septum (IVS) and posterior wall (PW) thickness, and global left ventricular ejection fraction calculated according to Simpson's biplane method.
Patients that suffered of episodes of ventricular arrhythmias were submitted to dynamic electrocardiographic (ECG) study.
LVA has been defined by ventriculography as a zone of paradoxical systolic expansion (dyskinetic) or as an akinetic myocardial zone well delimited from the surrounding cardiac silhouette.
Indication for operation was angina in 40 patients of Group A and 10 of Group B, left ventricular failure in 11 cases of Group A and 7 of Group B, angina and left ventricular failure associated in 32 patients of Group A and 8 of Group B. In 4 patients of Group A and 6 of Group B, indication for operation was recurrent episodes of ventricular tachicardia (VT) refractory to medical therapy, but always in presence of an anatomic LVA and concomitant coronary stenosis surely suitable for CABG.
Cardiopulmonary bypass (CPB) has been utilized in all patients with moderate hypothermia (esophageal 29°C); myocardial protection during aortic cross clamping was performed by antegrade cold crystalloid cardioplegia (Alabama modified) every 25 min.
In Group A, after resection of the aneurysm, ventriculotomy was closed by direct suture of the ventricular walls reinforced with Teflon felt strips. In Group B patients, after a purse-string suture has been placed along the border zone between normal myocardium and scar, a preclotted Dacron patch was sutured inside the ventricle so excluding the fibrous portion from the effective residual cavity of the left ventricle. Finally, aneurysm margins were loosely sutured over the patch. In both groups, aneurysmectomy and distal coronary anastomoses were performed during cardioplegic arrest, proximal anastomoses were performed at beating heart in ascending aorta using a side-biting clamp.
Seventy-eight patients (89.7%) of Group A and 29 (93.5%) of Group B had CABG associated to aneurysmectomy.
Number of coronary anastomoses, site of graft anastomosis, time of aortic occlusion and time of CPB are reported for all patients. Data of perioperative complications (30 days after surgery) are also included.
Protocol treatment in ICU was similar in both groups with regard to weaning from mechanical ventilation, use of inotropic vasodilator and antiarrhythmic drugs, indication to intraaortic balloon pump (IABP), etc. Infusion of antiarrhythmic drugs was opportunely started in the operating theatre at the lowest sign of ventricular arrhythmia.
Low cardiac output syndrome has been defined clinically: persistent obtundation, cyanosis, cold extremities, hypotension, tachicardia, and oliguria, not responsive to maximal inotropic support.
Thirty-four patients of Group A and all patients (31) of Group B were found to have undergone routine clinical and echocardiographic evaluation after a mean follow-up of 42 and 28 months, respectively. Results are compared with preoperative findings and difference between preoperative and postoperative data of the two groups is also analyzed. Difference for each parameter of the same patient is obtained by subtracting from the postoperative value the preoperative one. Fifteen patients of Group A underwent a scintigraphic study with Tc-99 both before and after surgery (mean time of 35 months) and from 13 patients of Group B we obtained informed consensus for a recatheterization (mean time after operation: 13 months).
Results from these two studies were compared with the preoperative data, being impossible intergroup analysis because of the different techniques.
Discrete preoperative and operative variables and perioperative complications of the two groups were analyzed by means of the exact test of Fisher.
The Wilcoxon signed-rank test was used for intragroup comparisons in patients who underwent both preoperative and postoperative clinical, echocardiographic, scintigraphic and catheterization examinations.
The Mann-Whitney test was used for intergroup comparisons of age, preoperative EF and LVEDP (at ventriculography), number of grafts per patient, CPB time, time of ischemia and preoperative versus postoperative changes in echocardiographic parameters, NYHA and CCS classes.
A P value of 0.05 or less has been considered statistically significant.
Results
There was no statistical difference between the two groups before surgery in respect of age, sex, CCS and NYHA functional classification and indication for operation, except for ventricular arrhythmias (P = 0.03). Preoperative cardiac catheterization data were not statistically different except for a larger number of patients with anterolateral aneurysm in Group B (P= 0.04) ( Table 1) .
The mean number of bypass grafts was 1.9 (range 1 -4) in Group A and 2.6 (range 1 -5) in Group B (P= 0.01). The left anterior descending (LAD) coronary has been revascularized in 27 patients of Group A (34.6%) and 26 of Group B (89.7%) (P B 0.001). The left internal mammary artery (LIMA) was implanted in 7 patients of Group A (8.9%) and 24 of Group B (82.8%) (PB0.001) always to the left anterior descending coronary artery (Table 2) .
In Group A, hospital mortality was 10.3% (9 patients): 3 patients were not weaned from CPB in despite of using inotropic drugs and IABP (they had a preoperative EFB 25%), 4 patients that preoperatively had VT, died in ICU for low cardiac output syndrome (2 patients) and irreversible ventricular fibrillation (2 patients), 2 patients died in ICU for low cardiac output syndrome and late multiorgan failure. In Group B, there was no hospital mortality. Aside from a lower incidence of low cardiac output syndrome in Group B (P=0.01), perioperative morbidity was similar in the 
Discussion
Indication to surgical treatment of patients with LVA symptomatic for angina, cardiac failure or ventricular arrhythmias refractory to medical therapy, are not controversial either because medical treatment is not able to suppress or attenuate symptoms, or because of the certain worsening of left ventricular dysfunction to the chronic volume overload [3, 7, 9, 20, 25, 30, 32] .
Surgical indication to aneurysmectomy and CABG in patients with post-infarction LVA and symptomatic only for cardiac arrhythmias well responders to medical therapy, are still arguable.
In patients with LVA and severe failure of the residual left ventricular function, orthotopic transplant or cardiomyoplasty is the alternative to aneurysmectomy and CABG, even if indications and results of cardiomyoplasty in patients in such critical status of cardiac failure are still uncertain [2, 8, 18, 23] .
In our series, angina was present in 42.4% of the patients preoperatively; left ventricular failure was present in 15.3%; angina and left ventricular failure associated were present in 33.9%.
After operation, in both groups we noted a better cardiac performance: at clinical control, NYHA functional class was improved and echocardiographic examination showed a decrease of left ventricular diastolic diameter with improvement of ejection fraction (this latter datum was confirmed by scintigraphic study in 15 patients of Group A and by hemodynamic study in 12 patients of Group B). Intergroup analysis of the abovementioned parameters showed a better outcome in Group B.
Severe ventricular arrhythmias, not completely suppressed by medical therapy, were present in 8.5% of the patients preoperatively, always in association with significant and revascularizable coronary lesions. study populations. No statistical difference was noted in hospital mortality too (Table 3) . Table 4 shows comparison of echocardiographic and clinical data of 34 patients of Group A and 31 of Group B before and after the operation. The mean follow-up time was 42 months in Group A and 28 months in Group B. Table 5 reports comparisons between changes in preoperative and postoperative parameters. Preoperatively, no differences were found between groups in regard of all echocardiographic variables considered.
At late control, LVED diameter decreased both in Group A (55.9 vs. 58.6, P \0.05) and in Group B (53.2 vs. 59.8, PB 0.001); the analysis of differences between preoperative and postoperative data in the two groups showed a better result in Group B (6.6 vs. 2.7, PB 0.001).
LVES diameter had a little increase in both groups (P\ 0.05). Also difference between preoperative and postoperative results did not show any statistical difference.
EF was increased in Group A (41.8 vs. 35.6, PB 0.001) and in Group B (44.6 vs. 34.4, PB 0.001); the improvement registered for Group B was higher than Group A (10.2 vs. 6.2, P B0.001).
PW and IVS thickness decreased after operation (P\ 0.05 in both groups); the difference between groups was not statistically different too.
Patients have had a better mean NYHA functional class in respect to the preoperative value (2.0 vs. 3.2, PB 0.001 for Group A and 1.4 vs. 3.3, P B 0.001 for Group B); the improvement between pre and postoperative data was higher in Group B (1.9 vs. 1.2, P = 0.02).
Also mean CCS anginal class decreased (P B 0.001) both in Group A and Group B (1.6 vs. 2.8 and 1.2 vs. 2.9, respectively), showing a better result in Group B (1.8 vs. 1.2, P= 0.03).
ECG monitoring study revealed no episodes of VT in the patients of Group B that preoperatively have had this arrhythmia diagnosed. The scintigraphic study performed in 15 patients of Group A (mean time from operation: 35 months) showed an improvement in the post-operative EF (from 42.4 to 36.3, P B 0.05). The 13 The episodes of ventricular tachicardia were suppressed after operation in patients of Group B.
The effectiveness of aneurysmectomy per se to extinguish ventricular arrhythmias is hardly evaluating. It has been suggested that the reduction of the parietal spraining on the border zone and on the contiguous myocardium (normal or ischemic) secondary to the reduction of volume overload after aneurysmectomy, could reduce the arrhythmogenicity of these zones. Besides, the contemporary revascularization of ischemic territories contributes to reduce the arrhythmical risk [6, 15, 19, 24, 30] .
The causes of postoperative low cardiac output syndrome in patients operated on for post-infarction LVA are multiple: severe preoperative ventricular dysfunction (EF B25%), bad intraoperative myocardial protection, perioperative infarction, etc. [16] .
Besides, it has been suggested that in these patients an excessive reduction of ventricular cavity after aneurysmectomy can be alone cause of or contributes to the development of a low cardiac output syndrome [15] .
It has been supposed that the use of an endoventricular patch according to Jatene-Dor technique: (A) can eliminate a larger part of dyskinetic septum from the residual effective ventricular cavity with consequent greater exclusion of the aneurysmatic zone without excessive reduction of the residual cavity dimension; (B) determinates a better re-arrangement of the myocardial fibres orientation [6, 15] .
A better postoperative myocardial function could be consequence of this, even if not confirmed by Nicolosi et al. that did not find differences on postoperative left ventricular function between two groups of animals operated on with the two techniques of linear suture and endo-ventriculo-septoplasty, respectively [26] .
But this experience is done on normal hearts, therefore there is not that particular situation in whom part of the aneurysm (in particular the septum) must be excluded from the residual effective ventricular cavity to reduce caput mortuum effect produced from dyskinetic septum and consequently obtain an improvement of the ventricular function. This exclusion of the septum is more easily obtainable by using Jatene technique [6, 15] .
CABG has been performed more completely in patients of Group B (P= 0.01 vs. Group A) with particular attention to LAD bypassing that was almost constant in this population (P B 0.001 Group A vs. Group B) and with a larger use of LIMA (PB0.001, Group A vs. Group B), always grafted to the LAD. Besides, the higher improvement of anginal class seen in Group B (P= 0.03 vs. Group A) confirms complete revascularization in this series of patients.
Dr. Cooley sustains that in these patients, LAD must be preserved anyway (it seems easier by using Jatene technique) and that LAD revascularization must be performed in any possible case, even when the quality of the vessel is very bad ([17] Discussion).
LAD revascularization increases ematic flow through the peri-aneurysmatic portions of septum and lateral wall, so contributing to improve left ventricular function [31, 33, 34] .
For its characteristic of long-term patency and capacity to adapt own flow to the metabolic requests of the revascularized territories, LIMA is the ideal graft also in these patients [21, 28, 29, 31] . We cannot exactly indicate the causes of low cardiac output syndrome occurred in our patients, in a greater number in Group A. In addition to a higher number of grafts in Group B and a larger use of LIMA, we can suppose, according to other authors, that the less incidence of low cardiac output in Group B is also due to a smaller reduction of the residual ventricular chamber and to a better surgical remodelling.
Results after surgery, were better in Group B than Group A, either for the abolition or reduction of symptoms, further support this hypothesis. We would say that such better results in Group B derive exclusively, or at least principally, from the surgical technique used, as other authors reported in literature [6, 14, 15, 25] .
But the significantly higher number of grafts performed and, above all, the almost constant revascularization of LAD by using LIMA as graft, it seems extremely relevant factors in our series, together with the certain and not quantifiable improvement of anesthesiologic and postoperative intensive care techniques. So, we can affirm that endoventricular patch plasty, easily permits exclusion of a part of dyskinetic septum, without excessive reduction of the residual ventricular geometry.
Moreover, the better respect of the ventricular geometry and the electric insulation consequent to a circular and uniform fibrous scar of suture of the patch in the passing zone between normal myocardium and fibrotic myocardium, could contribute to the reduction of postoperative ventricular arrhythmias that we noted in the patients of Group B.
Finally, the data of our study consent to affirm that the reduction of complications and the postoperative lower incidence of symptoms, statistically significant in Group B patients compared with Group A ones, are to assign to an effective surgical technique including either a complete revascularization or a remodelling of the left ventricular cavity that presents as much as possible physiologic characteristics.
